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Description 

Cooling system for devices comprising power 
semiconductors and method for cooling said type of 
5 device 

The invention relates to a cooling system for devices 
comprising power semiconductors and a method for 
cooling said type of device. In particular, the 
10 invention relates to cooling on printed circuit boards 
which are connected to superordinate circuit carriers 
by means of plug-in contacts. 

The evolution of heat, particularly in the case of 
15 electronic memory devices, is critical on account of 
the spatial restrictions, especially as the heat loss 
of the power semiconductors for supplying the memory 
devices is usually passed on via plug-in contacts to 
the superordinate circuit carrier, which is heated 
20 locally in the region of the connecting elements. The 
proportion of heat loss which can additionally be 
emitted directly to the surroundings via the housing of 
the power semiconductor is limited, with the result 
that there is the risk of local overheating of the 
25 power semiconductor. 

Furthermore, the remaining, in particular adjacent 
memory semiconductor components on the same printed 
circuit board as the power semiconductors may be 

30 thermally loaded, resulting in the threat of memory 
failures. Even an active forced cooling with an 
impressed cooling air stream is often insufficient 
since the heat transfer between the housing of the 
power semiconductor and the cooling air stream is 

35 limited. 



It is an object of the invention to provide an 
inexpensive cooling system for devices comprising power 
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semiconductors which enables a cost-effective thermal 
equalization between heat sources and the surroundings 
and ensures a direct cooling of the heat sources. 

5 This object is achieved by means of the subject matter 
of the independent claims. Advantageous developments of 
the invention emerge from the dependent claims. 

The invention provides a cooling system for devices 
10 comprising power semiconductor components. The power 
semiconductor components are arranged on printed 
circuit boards. Said printed circuit boards, for their 
part, are arranged in plug-in contact strips of a 
superordinate circuit carrier. The cooling system has a 
15 cooling plate, which is mounted in a pivotable manner 
on one of the plug-in contact strips in the region of a 
power semiconductor component. Said cooling plate can 
be pivoted about an axis parallel to the plug-in 
contact strip and has a first mounting and maintenance 
20 position pivoted away from the semiconductor component. 
In a second cooling and operating position, the cooling 
plate is pressed onto the power semiconductor 
component . 

25 A cooling system of this type has the advantage that 
the heat distribution and the heat dissipation of the 
heat loss of the power semiconductor component act 
directly right at the heat source, namely at the power 
semiconductor component. The cooling plate is on the 

30 one hand a heat sink that can take up a high proportion 
of the heat loss of the power semiconductor component. 
In addition, it has a low heat transfer resistance with 
respect to the surroundings, so that an intensive heat 
radiation and hence cooling of the cooling plate can be 

35 expected. 



A further advantage is that the cooling plate is not 
adhesively bonded directly as a heat sink on the power 
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semiconductor component, but rather forms a pivotable 
or tiltable constituent part of the plug-in contact 
strip. The tilting mechanism is configured such that 
the cooling plate can assume two stable positions when 
5 it is pivoted about its tilting axis. In the first 
position, the so-called mounting and maintenance 
position, the cooling plate clears the way to permit 
the introduction of a printed circuit board with its 
semiconductor components into the plug-in contact 

10 strip. In the second position, the so-called cooling 
and operating position, the top side of the cooling 
plate is in contact on the power semiconductor 
component and forms a low heat transfer resistance from 
the power semiconductor component to the cooling plate. 

15 Said second cooling and operating position can 
simultaneously be utilized to latch the printed circuit 
board in the plug-in contact strip. For this purpose, 
the cooling plate may advantageously have a snap-action 
closure or snap-action hook which projects beyond the 

20 edge of the printed circuit board and forms an angle of 
90° with the cooling side of the cooling plate, so that 
the printed circuit board is locked in the plug-in 
contact strip of the circuit carrier. 

25 Whereas, without a cooling plate of this type, the heat 
dissipation via the plug-in contact strip to the 
superordinate circuit carrier is restricted, this heat 
transfer is now improved and at the same time the 
emission of heat to the surroundings is intensified. 

30 While the housings of the semiconductor components are 
constructed from ceramic or plastic, an advantageous 
material for the cooling plate is copper, aluminum or 
alloys thereof. These metals have a high thermal 
conductivity and their heat emission can also be 

35 improved by blackening their surfaces, so that a 
cooling air stream or a forced cooling can cool the 
power semiconductor component more effectively. 
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Since the power semiconductor component of a printed 
circuit board develops the highest heat loss and is now 
cooled directly, and the cooling effort is thus 
directed in concentrated fashion onto the heat source, 
5 this cooling system has the further advantage that it 
provides for a cost-effective thermal egualization 
between the heat source and the surroundings. Moreover, 
fixing the cooling plate to the plug-in contact strip 
has the advantage that the power semiconductor 

10 component to be cooled does not have to be modified in 
terms of its external dimensions and in terms of the 
construction of its housing, so that the mounting costs 
in introducing this improved cooling system are also 
negligible. Moreover, expensive heat sinks fixed on the 

15 power semiconductor component can be dispensed with. 

In one preferred embodiment of the invention, the 
cooling plate may have cooling fins on the cooling 
plate side not in contact with the power semiconductor 

20 component. Cooling fins of this type can intensify the 
cooling and they can be adapted in terms of structure 
and orientation to an externally impressed cooling air 
stream in such a way that the highest possible cooling 
effect is achieved. The cross-sectional form of the 

25 cooling fins can also be modified to the effect that as 
far as possible a low heat transfer between the cooling 
air stream and the cooling plate is created. 
Furthermore, the heat sink is enlarged by the cooling 
fins . 

30 

A further embodiment of the invention provides for the 
cooling plate to have cooling grid structures fitted on 
its edge sides. Said cooling grid structures, on 
account of the pivotability of the cooling plate with 
35 regard to the plugged-in printed circuit board, can be 
pivoted together with the cooling plate from the 
semiconductor components on the printed circuit board 
into the first position for maintenance and mounting, 
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so that the printed circuit board can be introduced 
into the plug-in contact strip without any problems. In 
the second position of the cooling plate, the cooling 
effect now extends to the semiconductor components 
5 adjacent to the power semiconductor component. A 
cooling grid structure of this type may comprise 
metallic strips or cooling fins arranged at right 
angles to one another. Furthermore, the final grid 
structure with the cooling plate can be stamped from a 

10 cooling sheet. With the cooling grid structures fitted, 
the heat-emitting top side of the cooling plate is 
enlarged and the heat distribution is distributed over 
the entire printed circuit board, it now also being 
possible for the adjacent semiconductor components to 

15 be concomitantly cooled. Moreover, slight swirls arise 
at the cooling grid structures, which increases the 
intensity of the cooling of the constrained cooling air 
stream. 

20 In a further embodiment of the invention, a cooling 
grid structure may be arranged at the upper edge side 
of the cooling plate, and project beyond the printed 
circuit board, and project into a cooling air stream. 
This solution depends on the conditions of the 

25 available device interior space since the area required 
per printed circuit board is increased, namely by the 
size of the cooling grid fitted at the upper edge of 
the cooling plate. A cooling system embodied in this 
way has the advantage that a cooling air stream passed 

30 orthogonally to the orientation of the printed circuit 
boards through the device to be cooled must now flow 
through the cooling grid structure, so that the cooling 
effect of the cooling plate can be increased further. 

35 Depending on how the additional cooling grid structures 
are arranged, a cooling air stream device that 
generates the cooling air stream is arranged in the 
device to be cooled. In this case, the forced cooling 
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may be arranged parallel or orthogonally to the plug-in 
contact strips of the device to be cooled. An 
orthogonal arrangement is advantageous if a cooling 
grid structure projects beyond the printed circuit 
5 boards and projects into the cooling air stream, 
because the cooling is thereby intensified. 

In a further embodiment of the invention, the cooling 
system has two cooling plates which are opposite one 

10 another and which are arranged in a pivotable manner on 
a plug-in contact strip in the region of the power 
semiconductor component. A cooling system of this type 
has the advantage that the cooling plate does not press 
against the printed circuit board on one side in the 

15 cooling and operating position, rather this pressure is 
neutralized by the second cooling plate on the opposite 
side, so that the printed circuit board itself is not 
mechanically loaded. Furthermore, this solution has the 
advantage that a printed circuit board of this type can 

20 be populated on both sides with corresponding power 
semiconductor components and memory components. This 
means that the storage density can practically be 
doubled without the risk of overheating of the device 
densely packed with semiconductor components. 

25 

A method for cooling a device comprising power 
semiconductor components has the following method 
steps. Firstly, pivotable cooling plates are mounted 
onto plug-in contact strips provided in the region of 

30 power semiconductor components in a first mounting and 
maintenance position. In this case, the plug-in contact 
strip may already have been arranged on a superordinate 
circuit carrier. Afterward, the printed circuit boards 
with power semiconductor components are fitted on the 

35 plug-in contact strips and the cooling plate is brought 
into a second cooling and operating position about an 
axis parallel to the plug-in contact strip. In said 
second position, the cooling plate bears on the power 
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semiconductor component. In order to enable a forced 
cooling or active cooling, a device that generates a 
cooling air stream is oriented in such a way that the 
cooling air stream flows parallel or perpendicular to 
5 the plug-in contact strips. By means of corresponding 
thermal sensors it is ensured that when a critical 
temperature is exceeded, the cooling air stream is 
switched on in order to correspondingly regulate the 
temperature of the device. 

0 

To summarize, it can be stated that the cooling system 
according to the invention has the following 
advantages . 



15 1. The cooling system supplies a selective and 
excellent thermal path from components that form 
an extreme amount of heat to a superordinate 
circuit carrier, such as a circuit board of a 
computer, and also by emission of heat to the 

20 surroundings, a transverse transmission of the 

heat to sensitive components adjacent to the 
components that form an extreme amount of heat 
being avoided. 

25 2. This thermal solution is not fixed to the printed 
circuit board of a memory module, but rather is 
integrated into the plug-in contact strip 
construction of the circuit carrier without being 
mounted directly on the circuit carrier. Neither 

30 the circuit carrier nor the printed circuit boards 

need be modified for this cooling system. Only the 
plug-in contact strips have to be equipped with a 
pivoting mechanism. 

35 3. Since the cooling plate in the form of a clip 
makes contact directly with the rear side of the 
power semiconductor components, a very good 
thermal path results, both in the direction of the 
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surroundings of the module and into the 
superordinate circuit carrier. 

4 . The thermal path from the power semiconductor 
5 component into a clip-type cooling plate is 

furthermore more effective than previously known 
solutions, especially as the cooling plate as clip 
acts both as heat sink and as heat distributor. 



10 The invention will now be explained in more detail with 
reference to the accompanying figures. 



Figure 1 shows a schematic, perspective view of a 
cooling system in accordance with a first 
15 embodiment of the invention; 



figure 2 shows a schematic, perspective view of a 
cooling system in accordance with a second 
embodiment of the invention; 

20 

figure 3 shows a schematic, perspective view of a 
cooling system in accordance with a third 
embodiment of the invention. 



25 Figure 1 shows a schematic, perspective view of a 
cooling system 22 in accordance with a first embodiment 
of the invention. The basis of this cooling system 22 
is formed by a circuit carrier 22 provided with a 
superordinate circuit in the manner that is customary 

30 for computer systems. Plug-in contact strips 7, 8 and 9 
are oriented and arranged in a parallel fashion on the 
circuit carrier 10. Printed circuit boards 4, 5 and 6 
plug into the plug-in contact strips 7, 8 and 9, each 
printed circuit board being populated with nine memory 

35 components 17 and one centrally arranged power 
semiconductor component 1, 2 or 3 . The cooling system 
22 provides as necessary for a cooling air stream L in 
the arrow direction indicated, which cooling air stream 
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cools the printed circuit boards 4, 5 and 6 with their 
memory components 17 and power semiconductor components 
1, 2 or 3. 

5 Cooling plates 11, 12 and 13 are additionally arranged 
at the positions of the power semiconductor components 
1, 2 and 3, and are connected to the plug-in contact 
strips 7, 8 and 9 in a manner such that they can be 
pivoted about an axis 14. The plug-in contact strip 7 

10 has a cooling plate 11 in a first mounting and 
maintenance position W, in which the cooling plate 11 
is pivoted away from the printed circuit board 4 about 
the axis 14, so that the printed circuit board 4 can be 
plugged into the plug-in contact strip 7 or can be 

15 withdrawn from the latter. In order to fully manifest 
the cooling function of the cooling plate 11, after the 
printed circuit board 4 has been plugged into the plug- 
in contact strip 7, the cooling plate 11 is brought 
into a second cooling and operating position K, a top 

20 side of the cooling plate 11 being pressed onto the 
housing of the power semiconductor component. 

After this clip operation, the cooling plate 11 forms 
both a heat sink and a heat distribution plate for the 

25 power semiconductor component 1. The heat of a cooling 
plate 13 in the second position is on the one hand 
conducted away in arrow direction B via the plug-in 
contact strip to the superordinate circuit carrier 10, 
and on the other hand heat is emitted in arrow 

30 direction A from the cooling plate 13. In this case, 
the heat dissipation is intensified by the cooling air 
stream L in arrow direction Z. 

The cooling air stream is generated by a cooling fan 
35 (not shown) oriented such that the cooling air stream L 
flows parallel to the orientation of the printed 
circuit boards 4, 5 and 6. In order to increase the 
cooling effect of the cooling air stream L, the top 



FIN 565/200354141 



- 10 - 



side 15 of the cooling plates 11, 12 and 13 that is not 
in contact with the power semiconductor components 1, 2 
and 3 may be equipped with cooling fins oriented 
parallel to the cooling air stream L. 

5 

This cooling system 22 on the one hand has the 
advantage that it is not fixed to the power 
semiconductor component 1, 2 or 3 itself, and on the 
other hand has the advantage that the cooling effect 

10 can be intensified further by cooling plates that can 
be tilted toward one another being provided on both 
sides of the printed circuit boards 4, 5 and 6. This 
further solution is associated with the advantage that 
the printed circuit boards 4, 5 and 6 can be populated 

15 on both sides and the storage density of this memory 
unit can thus be increased further without thermally 
overloading the device. 

Figure 2 shows a schematic, perspective view of a 
20 cooling system 23 in accordance with a second 
embodiment of the invention. Components having the same 
functions as in figure 1 are identified by the same 
reference symbols and are not discussed separately. 

25 In this second embodiment of the invention, the cooling 
area of the cooling plates 11, 12 and 13 is enlarged by 
cooling grid structures 16 fixed on the edge sides 20 
and 21 of the cooling plate 12. The cooling effect of 
the cooling air flowing in the cooling air stream L is 

30 intensified further by said cooling grids 16, which can 
be pivoted together with the cooling plates 11, 12 and 
13 into the mounting and maintenance position W or into 
the cooling and operating position K. In this case, in 
addition to the emission in direction A proceeding from 

35 the cooling plate 12, further emissions are made 
possible by the cooling grid structures 16 in arrow 
direction C. This variant of the cooling system 
according to the invention is space-saving and does not 
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require any additional device volume, but rather can 
remain limited to the dimensions of the plug-in contact 
strips 7, 8 and 9. A further possibility (not shown 
here) consists in the fact that the cooling plates 11, 
5 12 and 13 in the second cooling and operating position 
K fix the printed circuit boards 4, 5 and 6 in such a 
way that their plug-in positions in the plug-in contact 
strip 7, 8 or 9 remain secured. In this second 
embodiment of the invention, the direction Z of the 
10 forced cooling, which is also called active cooling, 
remains oriented in the same way as in the first 
embodiment of the invention as shown in figure 1. 

Figure 3 shows a schematic perspective view of a 
15 cooling system 24 in accordance with a third embodiment 
of the invention. Components having functions identical 
to those in the previous figures are identified by the 
same reference symbols and are not discussed 
separately . 

20 

The third embodiment of the invention presupposes that 
the memory unit to be cooled is not limited in terms of 
its height. The difference with respect to the previous 
solutions is that the cooling effect is intensified 

25 further by a cooling grid structure 18 being fixed at 
the upper edge side 19 of the cooling plates 11, 12 and 
13, or forming an integral unit with the cooling plates 
11, 12 and 13, so that the cooling grid structures 18 
project beyond the upper edge 25 of the printed circuit 

30 boards 4, 5 and 6. Besides the previously possible heat 
emission in direction B toward the circuit carrier 10, 
the heat dissipation A directly from the surface of the 
cooling plate, and the heat emission C perpendicular to 
the cooling grid structure 18, in this solution there 

35 is additionally yet another possibility of heat 
dissipation in arrow directions D, which enable a 
lateral heat emission from the cooling grid structures 
18. Since, furthermore, the cooling air stream L passes 
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through the cooling grid structures 18 in direction Z 
of the forced cooling, this provides for an increased 
intensive heat dissipation in the case of this third 
embodiment of the invention of a cooling system 24. 



